In this study, we report on the known Artemia populations are discussed. In view of the great importance habitats worldwide. Recent literature information is of Artemia as part of the live food chain for the culture of incorporated about the taxonomic status of the various fish and shellfish larvae and the present cyst shortage from populations studied. The genus is composed of di-, tri-, the market, the need for commercial exploitation and tetra-and pentaploid parthenogenetic populations and of development of new Artemia sources is now, more than the following bisexual species: A. franciscana franciscana, ever, necessary. A. franciscana monica, A. franciscana sp., A. persimilis, A. salina, A. urmiana, A. sinica and A. sp. from Kazakhstan. The problems of characterizing new brine shrimp
relacionados con la caracterizacion de nuevas poblaciones. En vista de la gran importancia que tiene Artemia, como habitats de Artemia en todo el mundo. Se incluye parte de la cadena alimenticia en el cultivo larvario de peces informacion literaria reciente sobre la posicion taxonomica y mariscos, ademas de la escasez actual de quistes en el de las distintas poblaciones estudiadas. El género esta mercado, la necesidad de desarollo y explotacion comercial compuesto por poblaciones partenogeneticas di-, tri-, tetrade nuevas fuentes de Artemia, es hoy mas que nunca, una y pentaploides, y por las sigientes especies bisexuales: exigencia. A. franciscana franciscana, A. franciscana monica, A. franciscana sp., A. persimilis, A. salina, A. urmiana, A. sinica y A. sp. de Kazakhstan. Se discuten tambien, los problemas Palabras clave. Artemia, biogeografia distribution of Artemia in relation to climate we refer to INTRODUCTION Vanhaecke et al. (1987) . Recently, considerable new information has become It is well known that the brine shrimp Artemia (Crustacea, Anostraca) inhabits hypersaline environments and has a available about the existence of Artemia in Asia and especially in the People's Republic of China (Triantaphyllidis wide geographical distribution (Persoone & Sorgeloos, 1980; Browne & MacDonald, 1982; Vanhaecke et al., 1987 Vanhaecke et al., ). et al., 1994a Xin et al., 1994) . Moreover, considerable progress has been made in the genetic and morphometric The diversification of the Artemia environments varies considerably in terms of anionic composition, climatic study of Asian Artemia populations and comparisons with other well-studied populations have been performed (Pilla conditions and altitude. Depending on the prevailing anions, Artemia may inhabit chloride, sulphate or carbonate waters & Beardmore, 1994; Triantaphyllidis et al., 1997a Triantaphyllidis et al., , 1997b . This paper provides an updated list of Artemia sites and is and/or combinations of two or even three major anions (Bowen et al., 1985; Bowen et al., 1988) . It can be found based on previous reviews (Vanhaecke et al., 1987) , recent literature reports as well as personal communications in altitudes from as low as sea level to almost 4500 m in Tibet (Xin et al., 1994) and in climatological conditions received at the Artemia Reference Center (University of Ghent, Belgium). These biogeographical data are discussed ranging from humid-subhumid to arid (Vanhaecke et al., 1987) . For further discussion of the geographical in connection to the most recent knowledge of genetic and morphometric data on the genus Artemia. given and, when available, information about the mode of The parthenogenetic populations are composed of di-, tri-, tetra-and pentaploid individuals or mixtures of different reproduction (parthenogenetic or bisexual), the ploidy level of the parthenogenetic populations and the species ploidies and are grouped under the binomen A. parthenogenetica for taxonomic convenience. For further designation.
BIOGEOGRAPHY OF
Despite the effort made in recent years to report on new information on the distribution of sexual and parthenogenetic populations see Browne & MacDonald (1982) . Artemia populations, our knowledge of the biogeography of this anostracan is still very limited for many Asian,
In the New World, reproduction is exclusively sexual and the following species have been described. African and Eastern European regions. Interest is focused on Asian regions where new species have recently been A. franciscana described (Pilla & Beardmore, 1994) . A literature survey reveals that the genus Artemia is composed of several According to Bowen et al. (1985) , 'A. franciscana is a superspecies (a set of ecologically isolated and bisexual species and numerous parthenogenetic populations. (Browne & Bowen, 1991) . Due to sinica (Cai, 1989 ) is distributed in Central and Northern ecological barriers that separate many A. franciscana provinces of the People's Republic of China (P.R. China) and populations, incipient speciation occurs (Bowen et al., 1985;  Artemia sp. (Pilla & Beardmore, 1994) exists in Kazakhstan Abreu-Grobois, 1987). According to Browne & Bowen (unknown region) . A. tunisiana (Bowen & Sterling, 1978 ) is (1991), the diversification among these populations is due a synonym of A. salina and according to the Code of mainly to differences in lakewater chemistry, and thus Zoological Nomenclature, it should no longer be used intolerance for each other's natural habitat.
(Principle of Priority, Article 23; for a detailed discussion Endemic A. franciscana populations can be found see Triantaphyllidis, 1995; Triantaphyllidis et al., 1997c) . throughout the American continent. As a result of the In Artemia taxonomy, the following criteria have been introduction of A. franciscana in solar saltworks for used for species designation: (i) the overall morphology of improved salt production and/or for harvesting cysts and the adults as well as some characteristics such as shape of biomass for use in the aquaculture industry, permanent furca or frontal knob morphology in males, (ii) the specific populations of this species are also found in Brazil (Persoone chromosome number, (iii) the genetic distance (Nei's D) , Australia (Geddes, 1980) , the People's as determined by allozyme electrophoresis, and (v) crossRepublic of China (Triantaphyllidis et al., 1994b (Browne & Bowen, 1991) . Recently Pilla & 1987) , Vietnam (Vu Do & Nguyen Ngoc, 1987) , Sri Lanka Beardmore (1994) , studying Eastern Old World populations, (Kuruppu, personal communication) and Madagascar (E. demonstrated that A. urmiana, A. sinica and a population Miasa, personal communication). However, due to the from Kazakhstan (unfortunately of unknown origin) exhibit particular climatic conditions of these countries, the Artemia great morphological and genetic differentiation. However, populations are not permanent and annual inoculations are under laboratory conditions these populations are crossrequired. Artemia dispersal can take place through migrating fertile without evidence of hybrid breakdown (Pilla & birds; this phenomenon has been well documented in the Beardmore, 1994) . Complete infertility exists between all case of A. franciscana (Vanhaecke et al., 1987) .
Old World populations and New World A. franciscana (Pilla & Beardmore, 1994) and this is probably the case for A. persimilis, because of its different number of forty-four A. persimilis (Piccinelli & Prosdocimi, 1968) chromosomes (see above). Absence of a genetic barrier between A. urmiana, A. sinica and A. sp. from Kazakhstan This species is found in Argentina but is also reported to has also been demonstrated by Truong (1995) , who managed exist in the Mediterranean basin (in Sardinia; Piccinelli & to reach F 6 generation in some cases. Since post-mating Prosdocimi, 1968). However, in recent years its existence in Sardinia could not be confirmed (Barigozzi, 1989) . This barriers to gene flow seem to be very weak in the case of Eastern Old World Artemia populations, it is evident that 5 Origin of parthenogenesis after mutational events (Barigozzi, 1980 ) from a common line with A. urmiana. a combination of criteria should be considered for characterizing new Artemia populations (i.e. morphology, 6 Origin of tetraploidy from the diploid ancestral line. 7 Origin of pentaploidy from the tetraploid line. genetic distance, cytogenetics, ecological isolation and crossbreeding experiments). Geographic distance is also a very According to Abreu-Grobois & Beardmore (1982) the important factor since it can act as a barrier to gene-flow.
triploids have arisen in several independent events from Although under laboratory conditions some populations diploids. The origin of parthenogenesis is monophyletic and (i.e. from Eastern Old World) can exchange genetic material, relates closely to the line which led to A. urmiana (Beardmore in nature they are isolated. Further regional explorations & Abreu-Grobois, 1983). The evolution of parthenogenesis are recommended to verify the possible existence of and later on polyploidy, must have taken place at roughly 'geographically intermediate' populations between these 5.4-1.7 million years ago, respectively (Beardmore & Abreuthree species. This would help us to understand better the Grobois, 1983) and it seems likely that the centre of origin evolution of the genus. It would be interesting to know of parthenogenetic Artemia is the Mediterranean, where ≈6 whether these species are allopatric, and therefore million years ago the whole basin underwent a dramatic distributed without geographical overlap, or if there is increase in salinity and subdivision of habitats (Hsü , 1972 ; allopatric hybridization in some zones. Beardmore & Abreu-Grobois, 1983 ). This event could Genetic analysis of the species A. sinica and A. sp. from have produced many opportunities for colonization by Kazakhstan did not change substantially the phylogenetic parthenogenetic forms (Beardmore & Abreu-Grobois, 1983 ; tree of Artemia proposed by Abreu-Grobois (1983 , 1987 . Abreu-Grobois, 1987) . The coincidence of these genetic and The phylogenetic events in the genus Artemia have been geological data is remarkable. For more discussions about described as follows (Pilla, 1992; Thomas, 1995) :
phylogeny, evolution and speciation of the genus Artemia the reader should refer to Barigozzi (1980) , Abreu-Grobois rearing of most marine fish and shellfish species (Léger et et al., 1994b) . This amount is expected to increase further in the years to come, as the demand for fish-fry and al., 1986; Bengtson et al., 1991) . The total annual world consumption of Artemia cysts for the aquaculture industry shrimp-postlarvae is increasing continuously (Sorgeloos & Sweetman, 1993) . Currently, the majority of all marketed is estimated to be about 2000 metric tonnes (Triantaphyllidis cysts originate from one location, the Great Salt Lake attention should be focused on the development of alternative/complementary cyst sources (Bengtson et al., (Utah, U.S.A.) . This situation renders the market extremely vulnerable and dependent upon weather conditions (Van 1991) . These reports, apparently, have not been considered and dependence from a single source still remains a serious Stappen & Sorgeloos, 1993) . The exceptionally wet winter of 1994 affected the cysts harvests seriously (Sorgeloos, draw-back. The current situation now justifies, more than ever, the 1995), and resulted in a dramatic increase of cysts prices, if not to a serious shortage in the market. Unpredictability of exploitation and development of new Artemia sources. The one-source Artemia problem can be solved either by natural harvests and lack of alternative cyst sources can become a bottleneck for the development of aquaculture. Earlier harvesting from new Artemia sites (such as Lake Urmia in Iran, many lakes in the People's Republic of China as well reports have warned the aquaculture community that Xin et al. (1994) are also given. For abbreviations and references see Tables 8 and 9 Country Tables 1-7. bisexual and parthenogenetic species (Browne et al., 1988; 1: Vanhaecke et al. (1987) ; 2: Eustache Miasa, personal Browne & Halanych, 1989; Triantaphyllidis et al., 1995; communication; 3: Own observations; 4: Odio (1991a) ; 5: Odio Browne et al., 1984 . During the Second International resolution was adopted (Beardmore, 1987) : 'The Second demonstrated that incubation of cysts at high temperatures (36-37°C) allows A. franciscana to hatch but suppresses hatching of cysts from all the other Artemia species. Incubation at high temperatures can be applied routinely to check for possible contamination of a population with B: bisexual population; P: parthenogenetic population.
A. franciscana cysts.
2, 3, 4, 5n: indicates the ploidy level of a parthenogenetic population
As Bengtson et al. (1991) pointed out, small-scale (2: diploid; 3: triploid, etc provide opportunities for local commercial developments, A. par: A. parthenogenetica especially in countries with restricted import opportunities, and where local availability of Artemia cysts is the first requirement in consideration of a viable hatchery industry. as in countries of the former Soviet Union), or by an alternative approach that has been used during the last ACKNOWLEDGMENTS couple of decades in many developing countries: inoculation of saline waters with non-endemic Artemia nauplii. In some GVT is a scholar of the 'Alexander S. Onassis' and south west Asian countries this deliberate inoculation has 'Empirikion' Public Benefit Foundations (Greece). proved to be successful, with great impact on socio-economic benefits (i.e. in Vietnam, Vu Do & Nguyen Ngoc, 1987) . REFERENCES However, this practice carries certain dangers whenever inoculated waters (or adjacent water bodies) house natural Abatzopoulos, Th., Karamanlidis, G., Léger, P. & Sorgeloos, P. Artemia populations that, due to competition, might become (1989) Further characterization of two Artemia populations from extinct (Beardmore, 1987) . Since most of the inoculation since numerous laboratory studies have demonstrated the
